Bi38-3 is a novel CD38/CD3 bispecific T-cell
engager with low toxicity for the treatment of
multiple myeloma

Monoclonal antibodies targeting CD38, such as daratu-
mumab, have shown good therapeutic efficacy in multi-
ple myeloma (MM), both alone' and in combination with
normal standard-of-care regimens.”® However, many
patients eventually relapse because of resistance mecha-
nisms, including FcyR-dependent downregulation of
CD38 on tumor cells as well as inhibition of comple-
ment-dependent cytotoxicity, antibody-dependent cell-
mediated cytotoxicity and antibody-dependent cellular
phagocytosis.”

Bispecific T-cell engaging (BiTE) antibodies belong to a
new class of immunotherapeutic agents that can recog-
nize, on the one hand, a specific antigen on the surface of
the target cells (i.e., tumor antigen) and, on the other hand,
the CD3¢ chain on T lymphocytes.” By activating T cells
via the CD3 complex and recruiting them in proximity of
target cells, BiTE antibodies efficiently induce T-cell-medi-
ated cytotoxicity.” In MM, bispecific antibodies recogniz-
ing B-cell maturation antigen or FcRH5 (CD307) have been
shown to eliminate tumor plasma cells in preclinical mod-
els.””However, FcRHS5 expression is not limited to tumor
plasma cells and B-cell maturation antigen is abundantly
secreted in MM patients.””"" These two features may limit
the specificity or efficiency of these cognate bispecific anti-
bodies in vivo. Recently, an anti-CD38 bispecific antibody,
AMGA424, was shown to eliminate MM cells in preclinical
models, but also to trigger “off tumor” T-cell cytotoxicity
on B, T and NK cells in vitro,”” Thus, development of an
efficient and safer bispecific antibody could contribute to
improve the treatment of MM.

We have developed a new BiTE (Bi38-3) that consists
of two single-chain variable fragments derived from
mouse hybridomas, producing anti-human CD38 and
CD3e (Online Supplementary Figure S1A and B). Purified
Bi38-3 efficiently and specifically recognizes CD38 on
MM cells and binds CD3e—expressing Jurkat T cells
(Online Supplementary Figure S1C and D). To assess the
effect of Bi38-3 on the cytotoxic activity of T cells, we
performed co-culture assays with effector T cells, isolated
from peripheral blood mononuclear cells of healthy
donors, on firefly luciferase-expressing target KMS11 and
MM.1S MM cell lines. We observed that T cells readily
killed KMS11 cells (as measured by luciferase activity) in
a Bi38-3 dose-dependent manner, with a half maximal
effective concentration (ECy)) around 5 ng/mlL, the equiv-
alent of 0.09 nM for this 55.6 Kda protein (Figure 1A).
Bi38-3-mediated T-cell cytotoxic activity was also
observed in co-culture with MM.1S cells (Figure 1B).
However, in this cell line, which expresses heteroge-
neous levels of CD38, the EC,;, was 10-fold lower (0.5
ng/mlL), indicating that Bi38-3 also triggered strong T-cell
cytotoxicity in MM cells with weaker CD38 expression.
In line with this, stimulation of donor T cells with Bi38-
3 in the presence of MM.1S cells led to robust prolifera-
tion, expression of activation markers CD25 and CD69,
as well as production of interferon-y, tumor necrosis fac-
tor-a and interleukin-2 in a Bi38-3 dose-dependent man-
ner (Online Supplementary Figure S1E-H). The viability of
MM.1S or KMS11 MM cells was not affected by co-cul-
ture with T cells or Bi38-3 alone (Figure 1A and B, right).
In addition, Bi38-3 induced poor T-cell-mediated killing
of CD38-deficient MM.1S cells (MM1.5-KO), with
around half of CD38-deficient MM. 1S cells surviving the
co-culture even at the highest dose of Bi38-3 (1 ug/mlL)
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(Figure 1C). These results indicate that, at lower doses,
similar to those that are expected in patients, Bi38-3
directs efficient T-cell cytotoxic activity specifically
towards CD38-expressing MM cells.

We next analyzed the potential of Bi38-3 to induce
lysis of target tumor plasma cells, isolated from four
patients at diagnosis, by autologous effector T cells.
Fluorescence-activated cell sorting (FACS) analysis of
overnight effector cell:target cell (E:T) co-cultures
revealed that the numbers of viable CD138" MM cells
were reduced in a Bi38-3 dose-dependent manner, with
the EC;, ranging from 0.028 to 1.29 ng/mL, depending on
the patient (Figure 1D and Omnline Supplementary Figure
S2). Importantly, in the absence of T cells, Bi38-3 exhib-
ited no toxicity against fresh tumor cells. Bi38-3-induced
cytotoxicity of autologous T cells was further investigat-
ed on tumor plasma cells from three MM patients at
relapse and demonstrated similar efficacy, with ECg, val-
ues ranging from 0.2 to 0.86 ng/mL (Figure 1E). These
results indicate that Bi38-3 triggered autologous T-cell-
mediated killing of tumor plasma cells from patients both
at diagnosis and at relapse.

To investigate potential toxic effects of Bi38-3 on blood
cells, peripheral blood mononuclear cells from donors
were treated with various concentrations of Bi38-3 for 24
h and the mononuclear cell populations were individual-
ly analyzed by FACS (Ounline Supplementary Figure S3). We
observed that the percentages of CD14-expressing
monocytes included in the live gate were markedly
reduced in a Bi38-3 dose-dependent manner (Figure 2A).
In contrast, the percentages of CD4 and CD8 T lympho-
cytes, which together represented around 60% of total
peripheral blood mononuclear cells, slightly increased in
response to Bi38-3, probably due to the decrease in live
CD14" cells. Similarly, the B (CD19%) and NK (CD56") cell
populations remained at similar levels (around 10% and
5%, respectively), even at high concentrations of Bi38-3
(100 ng/mL) (Figure 2A).

Next, we investigated whether expression of CD38 at
the surface of blood cells was downregulated by Bi38-3.
FACS analysis indicated that CD38 mean fluorescence
intensity on T, B and NK cells remained similar in cul-
tures containing increasing doses of Bi38-3 (Figure 2B). In
line with this, CD38 expression was not dramatically
reduced on CD14" monocytes. Of note, this analysis
could not be performed at high doses because these cells,
which express higher levels of CD38, were sensitive to
elevated concentrations of Bi38-3 (above 1 ng/mlL). To
compare the activity of Bi38-3 on CD38™" MM versus
CD38™ cells, we performed co-culture assays with
MM.1S, expressing high levels of CD38, freshly isolated
B cells, expressing intermediate levels of CD38 (Figure
2C) and autologous T cells. Following overnight culture,
the percentages of viable CD20" B cells and CD138"
MM.1S cells were analyzed by flow cytometry (Online
Supplementary Figure S4A). We observed that the percent-
ages of MM. 1S cells dropped at Bi38-3 concentrations of
0.1 ng/mL and this reduction was more dramatic at high-
er doses (Figure 2C). In contrast, compared to untreated
conditions, the percentages of viable CD20" B cells
remained unchanged even at high concentrations of
Bi38-3 (Figure 2C).

We developed a similar autologous tri-culture assay to
investigate potential toxic effects of Bi38-3 on CD34"
bone marrow hematopoietic progenitors and on regula-
tory T cells, which both express low levels of CD38.
While Bi38-3 readily induced MM cell killing at low con-
centrations (107 ng/mL and above), we found that it did
not trigger significant T-cell-mediated cytotoxicity on
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Figure 1. Bi38-3 induces CD38-dependent T-cell-mediated lysis of multiple myeloma cells in vitro. (A-C) KMS11-luc (A), MM.1S-luc (B) and CD38-deficient
MM.1S-luc (MM.1S-KO-luc) (C) multiple myeloma cell lines were co-cultured with T cells, isolated from peripheral blood samples from healthy donors, at an effec-
tor:target (E:T) cell ratio of 5:1 with increasing concentrations of Bi38-3 for 24 h. Curves represent target cell lysis, monitored by luciferase activity and expressed
as the percentage of the untreated condition (0% lysis). Data are the means of independent experiments with four (A), nine (B) and four (C) different donors.
Standard deviations (SD) are shown for each concentration. Histograms on the left show target cell lysis induced by Bi38-3 alone, donor T cells alone and T
cells with Bi38-3 (10" ng/mL) on KMS11-luc (A), MM.1S-luc (B) and MM1.S-KO-luc (C). (D and E) Fresh tumor plasma cells were collected from buffy coat of
bone marrow aspirates from myeloma patients, then CD138" cells were purified and co-cultured with autologous CD3* T cells isolated from peripheral blood
mononuclear cells at an E:T cell ratio of 5:1 for 24 h. Cultures were analyzed by fluorescence-activated cell sorting (FACS) to monitor the number of CD138"
cells falling into the live gate. The average percentages of lysis of CD138" cells (relative to the untreated condition) in four different patients at diagnosis (D)
and three different patients at relapse (E) are shown. The error bars indicate the SD. Histograms show the average effects of Bi38-3 alone, T cells alone and T
cells with Bi38-3 (102 ng/mL) on tumor plasma cells from the same four patients at diagnosis (D) and three patients at relapse (E). SD are shown and P values
were determined by a two-sided Mann-Whitney U-test (*P<0.05; **P<0.01; ***P<0.001).

Foxp3* regulatory T cells (Figure 2D). Similarly, there was
no significant toxicity on CD34" hematopoietic progeni-
tors at concentrations below 10 ng/mL and moderate
toxicity (>40% survival) at the highest concentrations
(Figure 2E). Collectively, our results indicate that Bi38-3
does not impair the surface expression of CD38 and only
triggers T-cell-mediated killing of cells expressing high
levels of CD38 with no or limited toxicity against cells
expressing intermediate levels of CD38, such as
hematopoietic progenitors, B, T or NK cells.

The antitumor activity of Bi38-3 was further assessed
in vivo using a human MM xenograft mouse model.
MM.1S cells expressing luciferase (MM.1Sluc) were
injected into the tail vein of immunodeficient (NSG) mice
and luciferase levels were measured using an IVIS
Imaging System every 3 or 4 days. Thirteen days after

MM.1S injection, purified human T cells were transplant-
ed intravenously with or without Bi38-3 (0.1 mg/kg).
Treatments with Bi38-3 or vehicle were repeated daily
for 9 days (Figure 3A). Seven days after tumor cell injec-
tion, all mice showed similar levels of radiance
(luciferase), indicating that MM cells had effectively
engrafted in host animals prior to Bi38-3 treatment
(Figure 3B). While control mice showed rapid tumor pro-
gression, all Bi38-3-treated animals displayed a marked
reduction in tumor growth within the first 5 days of Bi38-
3 treatment (Figure 3C). At the end of the treatments, the
level of luciferase-expressing MM cells in Bi38-3-treated
mice was only one tenth of the initial level and was on
average 30-fold lower than that in untreated controls
(Figure 3C). These results show that Bi38-3 is able to effi-
ciently control MM tumor progression in vivo.
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Figure 2. Sensitivity of blood cells and bone marrow hematopoietic progenitors to Bi38-3. (A) Peripheral blood mononuclear cells (PBMC) from healthy donors
(n=3) were cultured with medium (M) or various concentrations of Bi38-3 for 24 h and the percentages of live T, myeloid, B and NK cells were determined by
fluorescence-activated cell sorting (FACS) analysis. Histograms show the average percentages of live CD4* T cells, CD8" T cells, CD14* monocytes, CD19* B cells
and CD56" NK cells in Bi38-3 cultures compared to untreated controls from three independent donors. The error bars indicate the standard deviation (SD). (B)
Mean fluorescence intensity (MFl) was measured in MM.1S wild-type (WT) cells and in subsets of cells expressing CD4, CD8, CD14, CD19 and CD56, based on
FACS analysis of CD38 expression levels in PBMC cell populations cultured with various concentrations of Bi38-3 as in (A). Histograms show average CD38 MFI
of MM.1S cells and PBMC populations and error bars indicate the SD. ND: not determined because there were too few events. (C) Relative Bi38-3-mediated T-
cell lysis of B versus MM.1S cells. Purified paired B and T cells from healthy donors (n=5) were co-cultured with increasing concentrations of Bi38-3 for 24 h in
the presence of MM.1S cells. (D) Relative Bi38-3-mediated T-cell lysis of regulatory T cells (Treg) versus MM.1S cells. Purified T cells from healthy donors (n=3)
were co-cultured with increasing concentrations of Bi38-3 for 24 h in the presence of MM.1S cells. (E) Relative Bi38-3-mediated T-cell lysis of CD34" bone mar-
row hematopoietic progenitors versus MM.1S cells. Paired CD34* hematopoietic progenitors and T cells purified from the bone marrow of healthy donors (taken
during hip surgery) (n=4) were co-cultured with increasing concentrations of Bi38-3 for 24 h in the presence of MM.1S cells. In (C-E), the numbers of live CD20*
(B cells), FoxP3* (Treg cells), CD34*(hematopoietic progenitors) and CD138" (MM.1S cells) were calculated by FACS using counting beads and expressed as a
ratio to untreated controls. Histograms show the ratios of B, Treg, CD34"* hematopoietic progenitor and MM.1S cells for each Bi38-3 concentrations and error
bars indicate the SD. The normality of the CD34" populations was established with a Shapiro-Wilk normality test and P-values were determined by an unpaired
Student t test (*P<0.05; **P<0.01; ***P<0.001).
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We report here the development of Bi38-3, a new anti-
CD38/CD3 BiTE, which triggers T-cell-mediated lysis of
CD38" MM cells in vitro, ex vivo and in vivo. Interestingly,
Bi38-3 provokes no toxicity on B, T and NK cells in vitro
and is, therefore, likely to have less "off tumor" effects
than AMG424, a recently developed anti-CD38 bispecific
antibody."” Importantly, Bi38-3 efficiently triggers killing
of MM cells from patients who are resistant to standard
treatments. Furthermore, because it recognizes a specific
epitope on CD38 and is devoid of the Fc region, Bi38-3 is
expected to be efficient also in relapsed patients follow-

T 1
20 22

ing daratumumab therapy. Collectively, the data present-
ed in this study identifies Bi38-3 as a selective and effi-
cient compound for the treatment of MM, which could
be used as a front-line agent or at relapse (alone or in
combination with other drugs), and which should be
evaluated further in MM patients.
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